H igh blood pressure (BP) is well known to be a major risk factor for cardiovascular events, such as stroke and myocardial infarction, 1 and linear relationships between cardiovascular risk and both systolic and diastolic BPs, unrelated to age, have also been reported based on a meta-analysis of large cohort studies conducted worldwide. 2 In particular, systolic BP predominantly affects cardiovascular events in elderly people. 3 Numerous large clinical trials, such as the Systolic Hypertension in the Elderly Program, 4 Swedish Trial in Old Patients, 5 Medical Research Council, 6 Systolic Hypertension in Europe, 7 and Systolic Hypertension in China, 8 have provided evidence of the benefits of reducing BP in the elderly. Meta-analysis of clinical trials showed that treatment of hypertension in older adults is as beneficial as that in younger adults. 9 A recent study performed in hypertensive patients aged Ն80 years of age, the Hypertension in the Very Elderly Trial, showed that antihypertensive treatment is beneficial to reduce the risks of death from stroke, death from any cause, and heart failure. 10 These observations indicate that antihypertensive treatment is beneficial even in very elderly patients.
To reduce cardiovascular risks, in general BP should be kept as low as possible based on evidence from numerous clinical trials and epidemiological data. 11 On the other hand, several epidemiological studies in the elderly, such as Vantaa and Leinden 85-Plus, reported a poor prognosis in those with systolic BP Ͻ140 mm Hg. 12, 13 Furthermore, excessive BP lowering in the elderly may be harmful, because target organ perfusion is decreased and autoregulation impairment may occur, particularly in elderly patients with cardiovascular complications. 14 The J-curve phenomenon associated with excessive diastolic BP reduction in elderly patients has been reported in the Practitioner's Trial on the Efficacy of Antihypertensive Treatment in the Elderly 15 and some post hoc analyses of large clinical studies, such as the Systolic Hypertension in the Elderly Program 16 and Systolic Hypertension in Europe. 17 In another post hoc analysis of the Systolic Hypertension in the Elderly Program, the greatest benefits in terms of lowering stroke risk were observed in patients with systolic BP Ͻ150 mm Hg rather than in those with systolic pressure Ͻ140 mm Hg. 18 In the previous placebo-controlled comparative trials in elderly hypertensives, systolic and diastolic BPs at the final step of the study were 144 to 167 mm Hg and 68 to 87 mm Hg, respectively, in the active treatment groups of patients 66 to 76 years of age. 18, 19 No trial has achieved a systolic BP Ͻ140 mm Hg. Furthermore, in the Hypertension in the Very Elderly Trial, which showed clinical benefits of antihypertensive therapy, target BP was set at Ͻ150/ 80 mm Hg in the protocol, and the achieved BP was 144/ 78 mm Hg 2 years after the trial start. 10 These results may be related to the fact that it is often difficult to achieve target BP Ͻ140/90 mm Hg in the elderly, although that level is generally recommended in the guidelines. Furthermore, it is reported that the optimal target BP in the elderly remains uncertain. 20 Recently, the principal results of the Japanese Trial to Assess Optimal Systolic Blood Pressure in Elderly Hypertensive Patients were reported. The Japanese Trial to Assess Optimal Systolic Blood Pressure in Elderly Hypertensive Patients was performed to compare the 2-year cardiovascular incidences in elderly hypertensive patients between 2 systolic BP groups (a Ͻ140-mm Hg target group and a 140-to 159-mm Hg target group). 21 Regrettably, however, the Japanese Trial to Assess Optimal Systolic Blood Pressure in Elderly Hypertensive Patients could not conclude which regimen is better because of a lack of statistical power.
In the present clinical trial, that is, the Valsartan in Elderly Isolated Systolic Hypertension (VALISH) Study, we compared the incidences of cardiovascular mortality and morbidity in elderly patients with isolated systolic hypertension between a strict control group (systolic BP Ͻ140 mm Hg) and a moderate control group (systolic BP 140 to 149 mm Hg). An angiotensin II type 1 receptor blocker, valsartan, was used as the initial antihypertensive regimen in this trial.
Methods

Study Design
The design of the study was described previously. 22 The VALISH Study was a multicenter, parallel-group, prospective, randomized, open-label, blinded end point, 22 investigator-designed trial conducted in Japan. The purpose was to compare the occurrence of cardiovascular events between 2 target systolic BP levels, Ͻ140 mm Hg (strict control group) and Ն140 mm Hg to Ͻ150 mm Hg (moderate control group), in elderly patients with isolated systolic hypertension. We estimated the incidence of cardiovascular events at 21.4 and 29.1 per 1000 patient-years in the strict and moderate control groups, respectively, based on the results of the Practitioner's Trial on the Efficacy of Antihypertensive Treatment in the Elderly 15 and the Japan Multicenter Investigation for Cardiovascular Diseases-B 23 performed in Japan. On the basis of this estimation, 6685 person-years of follow-up was required to detect a risk reduction of 26% at the 2-sided ␣ level of 5% and with a power (1-␤) of 80%. We finally designed the study with follow-up of 3000 patients for Ն2 years. The study protocol was approved by all of the involved ethics committees, and all of the patients gave written informed consent.
Population and Treatment
The inclusion and exclusion criteria were described previously. 22 Briefly, patients Ն70 and Ͻ85 years of age with isolated systolic hypertension (systolic BP Ͼ160 mm Hg and diastolic BP Ͻ90 mm Hg) were enrolled into the study. After obtaining written informed consent from all of the patients for the study, the patients were randomly assigned by the VALISH Data Center according to the following factors; sex, age (Ͻ75 or Ն75 years), systolic BP (Ͻ175 or Ն175 mm Hg), antihypertensive therapy, and institution (weighting coefficient: 2). Valsartan, 40 to 80 mg once daily, was administrated as the first-step therapy. If the target BP in each group was not achieved within 1 to 2 months, the dose of valsartan was increased Յ160 mg, and/or other antihypertensive agents except other angiotensin II type 1 receptor blockers were added, for example, low-dose diuretics, Ca antagonists, and so on to maintain the target BP.
Patients visited the clinic every 3 months at a minimum for 2 years, and investigators were asked to complete case report forms documenting adverse events, end points, withdrawals, vital signs including BP and heart rate, and so on. At completion of the study, the VALISH Data Center asked all of the investigators about the outcomes of all of the patients enrolled as a part of maintenance of patient follow-up quality.
The primary end point of this study was a composite of cardiovascular events: sudden death, fatal or nonfatal stroke, fatal or nonfatal myocardial infarction, death because of heart failure, other cardiovascular death, unplanned hospitalization for cardiovascular disease, and renal dysfunction (doubling of serum creatinine to a level Ͼ2.0 mg per 100 mL or introduction of dialysis). Secondary end points were each components of the primary end point, total mortality, and new onset or exacerbation of angina pectoris. Cardiovascular death, fatal or nonfatal myocardial infarction, and fatal or nonfatal stroke excluding transient ischemic attacks were evaluated as hard end points. End points and adverse events were blindly evaluated according to the prospective, randomized, open-label, blinded end point design 22 by the endpoint committee and the safety committee, respectively.
Statistical Analysis
Statistical analysis was performed by Shin Nippon Biomedical Laboratories, Ltd according to the statistical analysis plan approved by the statistics committee (see Appendix). All of the registered study patients assigned to treatment were analyzed on an intentionto-treat basis. In addition, a per-protocol analysis was performed. Event rates in the 2 target BP groups were compared by log-rank test and the Kaplan-Meier method. The adjusted odds ratio for background factors was tested for proportional hazards and determined by the Cox proportional hazards model. Among background factors, the following factors were used as covariates: sex, age, body mass index (BMI), smoking, dyslipidemia, diabetes mellitus, and antihypertensive agents used before enrollment. Relative frequencies of end points were compared using a 2 test, and the changes in each test parameter were evaluated by ANCOVA and ANOVA models. Consistency of treatment effects in prespecified subgroups was explored by the Cox regression model, with tests for interaction. These analyses were performed using the SAS system (release 9.1, SAS Institute Inc).
Results
In total, 3260 patients from 461 centers in Japan were registered from February 2004 to August 2005 and then
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randomly assigned to either the strict control group or the moderate control group. Because 181 patients were lost to follow-up, 3079 were followed up until March 2008 or for Ն2.5 years ( Figure 1 ). The mean follow-up period was 2.85 years, and the median was 3.07 years. The fifth to 95th percentile interval of the follow-up period was 0.50 to 3.82 years. The study accumulated 8765.3 person-years of follow-up (4436.6 person-years in the strict control group and 4338.7 person-years in the moderate control group), which was 1.31 times expectation. The baseline characteristics of both groups (1545 in the strict control group and 1534 in the moderate control group) and cardiovascular medications, including antihypertensives being taken at randomization, are listed in Table 1 . There were no differences between the 2 groups except for the smoker ratio and ratios of cardiovascular complication, that is, stroke, ischemic heart disease, heart failure, and renal dysfunction, were Ͻ10% in both groups. All of the patients were started on valsartan as the base regimen. At the end of follow-up, the mean dose of valsartan was 91.2Ϯ36.9 mg/d in the strict control group and 88.1Ϯ36.8 mg/d in the moderate control group (Pϭ0.02), and 56.1% of patients received only valsartan monotherapy in the strict control group and 57.6% in the moderate control group (Table 2) . Patients whose treatment required the addition of other antihypertensive drugs accounted for 43.9% of the strict control group and 42.4% of the moderate control group. These drugs were mostly Ca antagonists in both groups. At the end of follow-up, the mean number of antihypertensive drugs used, including valsartan, was 1.6Ϯ0.9 in the strict control group and 1.6Ϯ0.9 in the moderate control group (Pϭ0.56).
Changes in BP during follow-up are shown in Figure 2 . Both systolic and diastolic BPs significantly reduced after 3 months in both groups. BPs reached 136.6Ϯ13.3/ 74.8Ϯ8.8 mm Hg and 142Ϯ12.5/76.5Ϯ8.9 mm Hg at 36 months of follow-up in the strict and moderate control groups, respectively. The BP differences between the 2 groups were 5.6 mm Hg in systolic BP and 1.7 mm Hg in diastolic BP at 36 months of follow-up (PϽ0.001 for both systolic and diastolic BPs). Heart rates did not differ significantly between the 2 groups during the course of the study. Figure 3A shows the Kaplan-Meier curves for the primary composite end point with intention-to-treat analysis. The overall rate of the primary composite end point was 10.6 per 1000 patient-years in the strict control group and 12.0 per 1000 patient-years in the moderate control group (Pϭ0.38). These incidences were less than a half of the estimated values. Figure 3B shows the Kaplan-Meier curves for the primary composite end point with per-protocol analysis. Data were collected from patients in whom the average BP for the last 2 visits was within the targeted range in each group (1043 patients of the strict control group and 733 patients of the moderate control group). The incidences of the primary composite end point were 2.4% (8.2 per 1000 patient-years) in the strict control group and 2.3% (7.8 per 1000 patientyears) in the moderate control group (hazard ratio: 1.04 [95% CI: 0.56 to 1.93]; Pϭ0.89). Figure 4 shows the primary composite end point and individual end points. There were no significant differences in any end point between the strict and moderate control groups. The relative risk of the primary end point in each prespecified subgroup by baseline variables is shown in Figure 5 . No significant heterogeneity of variance for possible interactions between treatment and baseline variables was detected in any of the variables.
The rates of adverse events were similar in the 2 groups (18.2% in the strict control group and 17.9% in the moderate control group; Pϭ0.851), and most were gastrointestinal or respiratory symptoms. Those of serious adverse events (5.6% versus 5.2%; Pϭ0.61) and those related to and with suspected relation to valsartan (5.6% versus 4.4%; Pϭ0.126) were also similar between the strict and moderate control groups. The rates of discontinuation because of adverse events, whether definitely or only suspected to be related to valsartan, were 1.9% in the strict control group and 1.2% in the moderate control group (Pϭ0.11).
Discussion
The present VALISH Study found no difference in the primary end point rate between the 2 BP targets, that is, Ͻ140 mm Hg and between 140 to 149 mm Hg. This finding was confirmed with both intention-to-treat and per-protocol analyses. Furthermore, the secondary end points, including the definitive end point, and all causes of death had similar rates in the 2 target groups. The subanalysis of the prespecified subgroups based on sex, age, BMI, and complications similarly revealed no difference in the primary end point rate between the 2 target groups.
In general, cardiovascular risk reduction by antihypertensive treatment is related to the magnitude of the BP decrease. On the basis of a meta-analysis conducted by Staessen et al 3 on the magnitude of BP lowering by antihypertensive drugs and the degree of cardiovascular hazard risk reduction, a BP reduction of 5 mm Hg will lead to an Ϸ20% reduction in total cardiovascular risk, a 30% reduction in stroke, and a 25% reduction in myocardial infarction. The present study, VALISH, resulted in no difference in the primary end point rate between the moderate and strict control groups, although the difference in achieved systolic BP between 2 groups was 5.6 mm Hg. Therefore, we simply assume that moderate control of BP, for example, Ͻ150 mm Hg, as in this study, may be sufficient to reduce cardiovascular events in elderly hypertensive patients.
In a subanalysis of the Candesartan Antihypertensive Survival Evaluation in Japan, 24 the cardiovascular risk hazard ratio in patients over age 65 years began to rise 
Ogihara et al Target BP for Treatment of Elderly Hypertension
when systolic BP exceeded 140 mm Hg, whereas the hazard ratio in patients over age 75 years began to rise significantly when systolic BP exceeded 150 mm Hg, thus supporting the view reported by Port et al 25 that the threshold of the cardiovascular risk hazard ratio shifts to the right with advancing age. As a limitation of our study, statistical power was insufficient to evaluate whether strict control is superior to moderate control in preventing cardiovascular events in elderly patients. The observed incidence of primary end points in the VALISH Study was less than half of the values estimated in the protocol setting although we followed Ͼ1.3-times personyears of our protocol setting. The major reason for such a small number of incidents may be that the enrolled patients in our study were relatively healthy compared with those in Japan Multicenter Investigation for Cardiovascular Diseases-B, 23 which was referred to in the VALISH protocol. Although patients in the VALSH Study were Ͼ10 years older than those in the Japan Multicenter Investigation for Cardiovascular Diseases-B, the prevalence of prior history of coronary artery diseases was 5% in the VALISH Study and 100% in the Japan Multicenter Investigation for Cardiovascular Diseases-B. It is desirable to follow a larger number of patients for a longer period of time to determine an appro- Incidence rate of events Figure 3 . Kaplan-Meier estimates of the primary end point. The primary end point is a composite of sudden death, fatal and nonfatal stroke, fatal and nonfatal myocardial infarction, heart failure death, other cardiovascular death, unplanned hospitalization because of cardiovascular diseases, and renal dysfunction. The hazard ratio was adjusted for the following covariates: sex, age, BMI, smoking, dyslipidemia, diabetes mellitus, and antihypertensive agents used before enrollment. A, Intention-to-treat analysis; B, per-protocol analysis. Figure 4 . Comparisons of hazard ratios and 95% CIs for the primary end point and secondary end point. Hazard ratio was adjusted for the following covariates: sex, age, BMI, smoking, dyslipidemia, diabetes mellitus, and antihypertensive agents used before enrollment. 1 Data include sudden death, fatal and nonfatal stroke, fatal and nonfatal myocardial infarction, heart failure death, other cardiovascular death, unplanned hospitalization because of cardiovascular diseases, renal dysfunction (doubling of serum creatinine and creatinine, to Ͼ2.0 mg per 100 mL, or introduction of dialysis).
2 Data include cardiovascular death, nonfatal stroke (exclude transient ischemic attack), and nonfatal myocardial infarction.
priate target BP to be achieved for relatively healthy elderly patients with hypertension.
Regarding the optimal levels of target BP in the elderly, we should discuss the effects of more strict control than Ͻ140 mm Hg on the cardiovascular incidence. The recently reported Italian Study on the Cardiovascular Effects of Systolic Blood Pressure Control showed that a tight-control treatment (Ͻ130 mm Hg) reduced a composite cardiovascular end point by 50% compared with the usual-control treatment (Ͻ140 mm Hg). 26 The reduced end points in the tight-control group, however, were composed mainly of coronary revascularization and new-onset atrial fibrillation, which were not assigned as the end point in the VALISH Study. Because the average age of study subjects of Italian Study on the Cardiovascular Effects of Systolic Blood Pressure Control was 67 years, whether the target BP would be Ͻ140 mm Hg or Ͻ150 mm Hg is still an important and unresolved issue, at least in elderly hypertensive patients.
The incidence of drug-related adverse events necessitating discontinuation of the trial did not differ significantly between the moderate (1.9%) and strict (1.2%) control groups. Thus, the risk for adverse events did not rise even in the strict control group. The incidence of adverse events was low in both groups, indicating that valsartan-based antihypertensive treatment is safe and well tolerated in elderly patients.
In conclusion, the recommended BP target of Ͻ140 mm Hg is safely achieved in relatively healthy patients Ն70 years of age with isolated systolic hypertension. However, strict BP control may not enhance the clinical benefit in the prevention of cardiovascular events as compared with that of moderate BP control.
Perspectives
The difference in composite cardiovascular rate between the strict and the moderate BP control groups was not significant in relatively healthy elderly patients with isolated systolic hypertension. Even if this difference was significant, with an increased study population and an extended follow-up period the number needed to treat, estimated from the results of intention-to treat analysis, looks to be very large (Ϸ700 per year). However, considering the huge population of elderly people with hypertension (Ͼ10 million at 70 to 84 years of age in Japan), whether moderate BP control, such as Ͻ150 mm Hg, is adequate or strict BP control is absolutely required for elderly hypertensive patients is still an important issue to be addressed. Furthermore, this issue should be discussed from the viewpoints of cost benefit and risks involved with excess BP reduction. Additional studies and meta-analyses are expected to address these questions in elderly hypertensive patients.
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